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ABSTRACT 


Activity  and  movements  of  female  red-backed  voles,  Clethrionomys 
gapperi,  were  monitored  with  a  radio  telemetry  system  over  a  14-month 
period  in  a  900  m  natural  enclosure.  Animals  exhibited  a  short-term 
(2-5  hr.)  activity  rhythm  which  remained  relatively  constant  through¬ 
out  the  year  and  a  circadian  rhythm  which  shifted  from  diurnal  in 
winter  to  nocturnal  and  crepuscular  in  summer.  Among  anestrous  voles, 
movements  and  extra-nest  activity  were  minimized  during  early  winter 
when  the  subnivean  space  had  not  yet  developed,  and  were  maximized 
in  late  winter-early  spring  during  snowmelt.  In  summer,  activity 
and  movements  increased  with  the  progression  of  reproductive  phases 
from  anestrous  to  lactating.  In  the  face  of  environmental  and 
physiological  fluctuations,  animals  adjusted  their  adaptive  strategies 
by  altering  their  patterns  of  activity. 
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INTRODUCTION 


Energy  budgets  and  their  relation  to  survival  strategies  are 
important  components  of  the  ecology  of  an  animal.  Although  calculation 
of  the  absolute  energetics  of  free-ranging  individuals  is  now  possible 
(Gessaman,  1973),  such  information  is  of  limited  value  unless  the  time 
spent  by  those  animals  in  various  states  of  activity  can  be  accurately 
partitioned.  While  the  study  of  absolute  energetics  provides  an 
ultimate  approach  to  this  problem,  the  study  of  energy  allocation 
provides  a  necessary  proximal  approach. 

There  is  an  appreciable  lack  of  information  on  the  activity  of 
small  mammals  under  natural  conditions,  and  particularly  beneath  an 
undisturbed  snow  cover.  Although  numerous  studies  of  activity  exist, 
they  have  been  primarily  confined  to  work  in  highly  artificial,  or  at 
best  semi -natural ,  enclosures.  Despite  the  importance  of  these 
studies  it  is  necessary  to  recognize  that  animals  may  perform 
differently  in  the  laboratory  than  in  the  field  (Hart,  1964;  Gorecki, 
1966). 

Until  recently,  techniques  for  remote  sensing  of  small  mammals 
have  been  either  limited  in  scope  (Miller,  1957;  Buckner,  1964;  Bider, 
1968),  inappropriate  for  use  in  natural  conditions  (Stebbins,  1971, 
1972,  1974;  Friesen,  1972),  or  have  caused  some  disturbance  to  the 
animal’s  habitat  (Karulin,  1970;  Karulin  et  at.  3  1973).  My  study  was 
designed  to  measure  seasonal  changes  in  activity  patterns  and  move¬ 
ments  of  free- living  red-backed  voles  ( Clethvionomys  gapperi)  under 
natural  conditions  in  the  course  of  a  year.  Recent  developments  in 
monitoring  free-living  activity  of  small  rodents  by  radio  telemetry 
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(Chute  et  at.  ,  in  press)  enabled  me  to  identify  underlying  activity 
rhythms,  to  quantify  the  amounts  of  time  allocated  to  different 
activity  states,  to  locate  the  positions  of  animals,  and  to  approximate 
distances  travelled  by  those  animals. 

The  study  was  carried  out  between  July  1973  and  August  1974,  and 
is  part  of  an  ongoing  study  of  the  population  ecology  of  Ctethvionomys 
gapperi  at  Heart  Lake  Biological  Station,  Northwest  Territories 
(60°51 'N. ,  116°38’ W. ) . 

Information  regarding  population  dynamics  and  winter  ecology 
(Fuller,  1969;  Fuller  et  at.  ,  1969),  food  habits  (Dyke,  1971),  circadian 
rhythms  (Stebbins,  1972,  1974)  and  activity  (Friesen,  1972)  in  semi¬ 
natural  enclosures  is  already  available  from  this  area. 

Problems  of  energy  allocation  may  be  especially  critical  for 
small  homeotherms  inhabiting  this  region,  which  is  characterized  by  an 
extreme  environment  with  strong  seasonal  fluctuations.  Because  of 
their  limited  capacity  to  maintain  energy  reserves  and  their  annual 
changes  in  physiological  conditions  (Sealander,  1972)  small  homeotherms 
would  be  expected  to  alter  their  activity  patterns  and  adaptive 
strategies  in  the  face  of  environmental  fluctuations.  In  the  subarctic 
there  are  two  major  seasons,  summer  and  winter,  with  sharply  contrast¬ 
ing  conditions;  however,  within-season  variation  is  not  extreme, 
especially  in  the  micro-environments  inhabited  by  small  mammals 
(Pruitt,  1957).  Autumn  and  spring  are  reduced  to  brief  periods  of 
rapid  change,  both  in  external  conditions  and  internal  physiology,  and 
hence  are  potentially  stressful  for  small  homeotherms  (Fuller,  1967; 
Fuller  et  at.,  1969). 


METHODS 


Enclosure  and  Radio  Telemetry  System 

Activity  was  monitored  in  a  0.09  ha  (0.25  acre)  enclosure  in 
undisturbed  jack  pine  ( Pinus  bcmksiana )  forest.  Above  the  enclosure, 
at  a  height  of  1  m,  was  an  orthogonal  grid  of  antenna  wires  spaced 
1.5  m  apart.  Individual  grid  wires  were  connected  by  coaxial  cables 
to  a  central  receiving  station  where  an  RF  receiver  could  be  switched 
to  any  given  grid  wire.  An  animal,  with  a  transmitter  strapped  around 
its  neck,  was  located  within  75  cm  of  the  intersection  of  the  two 
orthogonal  grid  wires  with  the  strongest  relative  signal  strengths. 
When  signal  strengths  were  strong  and  consistent  it  was  possible  to 
locate  the  experimental  vole  more  accurately  by  interpolating  its 
position  between  two  wires.  In  addition  to  locating  the  animal,  the 
system  allowed  recognition  of  three  activity  states,  according  to  the 
behavior  of  the  signal.  As  used,  the  system  demanded  manual  monitor¬ 
ing,  which  placed  certain  restrictions  on  the  design  of  the  sampling 
regime.  Further  technical  details  of  the  system  are  given  by  Chute 
et  at.  (in  press) . 

Handling  of  Animals 

Experimental  animals  were  obtained  by  live-trapping  in  the 
vicinity  of  the  research  station  and  were  held  in  captivity  for 
various  lengths  of  time.  Cages  were  large  (46x36x21  cm),  equipped 
with  activity  wheels,  contained  food  in  excess  of  requirements,  and 
were  kept  in  temperatures  and  light  conditions  approximating  those  of 
the  natural  environment.  Summer  home  ranges  of  voles  at  Heart  Lake 
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were  known  to  be  larger  than  the  area  of  the  enclosure  (A.  Bodner, 
pers.  comm.)*  The  discrepancy  was  less  for  females  (home  ranges  =0.3 
ha)  than  for  males  (home  ranges  up  to  3.0  ha);  therefore  only  females 
were  used  in  this  study.  Additional  evidence  on  C.  gappevi  (Beer, 
1961)  and  on  C.  glareolus  (Il'jenko  and  Zubchaninova,  1963)  showed  a 
marked  decrease  in  the  size  of  the  home  range  from  summer  and  fall  to 
winter.  However,  the  entire  area  within  the  enclosure  may  not  be 
appropriate  for  habitation,  and  evidence  from  the  present  study  showed 
frequent  travel  by  voles  along  the  base  of  the  wall  during  summer. 
Therefore,  for  most  of  the  year,  the  wall  provided  a  potential  barrier 
to  movement  and  on  some  occasions  it  may  have  acted  as  a  real  barrier. 

Age  determination  of  voles  was  difficult  outside  of  the  breeding 
season.  Only  one  experimental  animal  used  during  fall  and  winter  was 
definitely  an  adult.  All  others  used  during  that  time  were  captured 
in  fall  and  winter  and  could  have  been  either  adult  or  immature. 

During  the  breeding  season  (summer)  only  adults  were  used. 

Only  one  animal  at  a  time  was  monitored;  therefore  during  most 
experimental  runs  the  vole  was  effectively  isolated  from  other  voles. 
However,  deep  snow  in  mid-  and  late  winter  prevented  the  pen  wall  from 
acting  as  a  barrier  to  movement,  and  some  wild  voles  are  known  to 
have  entered  the  pen. 

One  week  before  release  into  the  pen  a  subject  was  anesthetized 
with  ether  and  fitted  with  an  inactive  transmitter.  Immediately 
before  release  the  transmitter  was  activated  by  soldering  the  battery 
connection;  the  animal  was  weighed,  its  reproductive  condition  was 
noted,  and  it  was  released  into  the  enclosure  along  the  base  of  the 


wall.  Lactating  voles  were  released  with  their  litters  in  small  nest 
boxes  placed  inside  chimneys  (Pruitt,  1959)  located  at  intervals  along 
the  wall.  During  periods  of  snow  cover  all  voles  were  released  into 
the  subnivean  space  via  these  chimneys.  Monitoring  of  activity  began 
after  a  24  hr.  familiarization  period. 

Sampling  Regime 

Subjects  were  monitored  for  two  successive  24  hr.  periods  whenever 
possible.  Within  each  0.5  hr.  of  an  experimental  run  animals  were 
continuously  tracked  for  a  10  min.  period  which  began  at  a  randomly 
chosen  time  within  the  first  20  min.  of  the  0.5  hr.  During  this  period 
a  position  fix  was  taken  every  15  sec.  Thus  during  a  24  hr.  run,  1968 
fixes  were  obtained,  and  for  each  fix  one  of  three  activity  states  (out¬ 
side  burrow,  active  inside  burrow,  immobile  inside  burrow)  was  recorded. 

Environmental  parameters,  including  light,  ambient  air  temperature, 
precipitation,  and  wind,  were  monitored  simultaneously  with  activity. 
During  periods  of  snow  cover,  snow  was  sampled  by  layer  for  depth, 
denis ty,  hardness,  and  crystal  size,  and  subnivean  temperatures  were 
recorded. 

After  completion  of  each  experimental  run,  voles  were  recaptured 
in  live-traps  placed  along  the  inside  base  of  the  walls.  In  order  to 
minimize  disturbance  to  the  habitat,  the  pen  was  rarely  entered  by  the 
investigator. 

My  initial  intention  was  to  obtain  data  representing  as  many 
different  seasons  and  reproductive  conditions  from  each  individual  as 
possible.  However,  this  objective  was  restricted  somewhat  by  predation, 
mortality  in  captivity,  and  a  shortage  of  radios  at  certain  times  of  the 


year.  Seasonal  allocation  of  experimental  runs  was  also  restricted  by 
a  shortage  of  experimental  animals,  especially  during  fall  and  winter. 
Therefore  greatest  emphasis  was  placed  on  the  potentially  critical 
periods  during  late  fall/early  winter  and  late  winter/early  spring. 

During  summer  animals  and  radio  collars  were  plentiful  and  an  attempt 
was  made  to  represent  the  entire  season  and  all  reproductive  conditions 
as  equally  as  possible  in  the  experimental  runs. 

Immediately  after  pen  construction  had  been  completed,  a  map  showing 
potential  shelters  and  travel  routes  was  compiled.  Particular  attention 
was  paid  to  upturned  stumps,  rocky  areas  and  fallen  trees.  When  research 
was  completed,  surface  details  of  those  areas  within  the  pen  that  had 
been  used  as  burrow  sites  and  temporary  shelters  were  described  as  fully 
as  possible.  Burrow  sites  were  not  excavated  in  order  to  minimize 
habitat  disturbance  for  future  research. 

RESULTS 

Data  were  obtained  for  40  complete  24  hr.  experimental  runs. 

General  data  from  these  runs  have  been  grouped  according  to  season  and 
reproductive  condition  of  the  animals  (Table  1).  Reproductively  active 
animals  occurred  only  during  the  summer  season,  therefore  experimental 
runs  during  other  seasons  involved  anestrous  animals  only.  Fourteen 
individuals  were  represented  in  the  40  runs,  of  which  three  were 
tested  in  more  than  one  season  and  three  were  tested  in  more  than  one 
reproductive  condition. 

Despite  restrictions  placed  upon  the  sampling  regime,  results 
suggest  that  the  chosen  regime  was  suitable  for  determining  the 


SYNOPSIS  OF  EXPERIMENTAL  RUNS  PERFORMED  BETWEEN  JULY  1973  AND 
AUGUST  1974,  ARRANGED  BY  SEASON  AND  REPRODUCTIVE  CONDITION 
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frequency  and  duration  of  the  animals'  activity  periods.  An  activity 
period  was  defined  as  a  duration  of  activity  within  or  outside  the  home 
burrow  that  was  both  preceded  and  succeeded  by  a  10  min.  sampling  period 
of  immobility  within  the  home  burrow.  Only  .027  of  the  activity  periods 
recorded  were  confined  within  a  single  10  min.  sampling  period  (Figure 
1) .  The  majority  (.754)  extended  beyond  the  limits  of  one  sampling 
period  but  included  less  than  four.  At  the  same  time,  individual 
sampling  periods  were  of  sufficient  length  to  provide  relatively  large 
blocks  of  continual  information  on  movements  outside  the  home  burrow. 

The  choice  of  a  24  hr.  familiarization  period  prior  to  initiation 
of  tracking  proved  generally  acceptable  for  the  present  study.  Distances 
travelled,  time  spent  outside  the  home  burrow,  and  an  index  of  explora¬ 
tion  (distance  run  divided  by  duration  of  activity  outside  home  burrow) 
were  examined  in  13  pairs  of  contiguous  24  hr.  runs.  After  fulfilling 
the  requirement  for  equality  of  variance,  the  three  parameters  were 
tested  by  paired  t-tests  (Sokal  and  Rohlf,  1969)  for  differences  between 
days  1  and  2.  Since  none  of  the  parameters  showed  significant  differ¬ 
ences  (P  -  .34,  .30,  .22  respectively),  it  was  assumed  that  the  animals 
were  behaving  in  similar  fashions  for  two  successive  24  hr.  periods. 
Although  inconclusive  this  suggests  that  the  voles  were  familiarized 
before  their  experimental  runs  began. 

Activity  and  Movements 

Movements  and  activity  were  considered  both  within  and  among  exper¬ 
imental  runs.  Special  attention  was  paid  to  the  time  spent  active  within 
and  outside  the  resident  burrow,  and  inside  temporary  shelters.  Approx¬ 
imate  distances  travelled  and  an  index  of  exploration  (see  above)  were 
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DURATION 

(  in  no.  of  sampling  periods  ) 


Figure  1.  Duration  of  individual  activity  periods  (time  active 
inside  and  outside  home  burrows)  expressed  as  the 
number  of  successive  0.5  hr.  sampling  periods  confining 
a  single  activity  period;  based  on  296  activity  periods 
from  40  24-hr.  experimental  runs. 


also  examined. 


Data  concerning  movements  and  activity  are  summarized  among  runs 
in  Tables  3  and  4  and  Figures  2  and  3.  A  comparison  of  diurnal  and 
nocturnal  activity  within  runs  is  presented  in  Table  2.  Diurnal  CD) 
and  nocturnal  (N)  values  refer  to  the  periods  between  sunrise  and  sunset, 
and  sunset  and  sunrise,  respectively. 

Statistical  techniques 

Data  among  runs  were  tested  by  two-level,  mixed-model,  nested 
analysis  of  variance  (Sokal  and  Rohlf,  1969)  for  anestrous  individuals 
according  to  season  (Table  3)  and  for  summer  individuals  according  to 
reproductive  condition  (Table  4) .  This  test  assumes  that  variances 
of  the  error  terms  of  the  groups  are  equal  and  that  the  error  terms 
are  distributed  normally.  The  validity  of  these  assumptions  was  tested 
by  an  F-max  test  and  a  Kolmogorov- Smirnov  test  for  goodness  of  fit 
respectively,  and  was  found  to  hold  true  for  the  present  data.  Since 
the  higher  level  of  classification  in  these  anovas  was  Model  I  (i.e. 
fixed  treatment  rather  than  random  effects)  the  analyses  were  completed 
with  multiple  comparisons  among  means  using  Duncan’s  multiple  range 
tests  (Steel  and  Torrie,  1960)  for  those  data  showing  significant 
variation  among  groups  (P  <  .05).  These  were  carried  out  in  order  to 
identify  the  values  responsible  for  the  heterogeneity  within  the  anovas. 

Data  within  individual  runs  were  analyzed  for  differences  between 
diurnal  and  nocturnal  components  of  activity.  The  data  were  then 
grouped  and  analyzed  by  season  and  reproductive  condition.  Differences 
between  day  and  night  are  summarized  in  Table  2.  Activity  outside 
home  burrows  was  tested  individually  with  2x2  Chi-squares  and  was 
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See  Tables  3  and  4  for  group  means.  See  text  for  details  of  statistical 
analysis.  P  represents  significance  level  of  difference  between  D.and  N; 
II  represents  significance  level  of  heterogeneity  among  individual  runs 
within  groups. 
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ANESTROUS 


SUMMER 


TOTAL  ACTIVITY  OUTSIDE  HOME  BURROW 

above 

USE  OF  TEMPORARY  SHELTER 
below 


Figure  2.  24-hr.  activity  outside  home  burrow  and  use  of  temporary 

shelters  for  anestrous  voles  according  to  season  and  summer 
voles  according  to  reproductive  condition;  mean  ±  std. 
error,  and  range.  Sample  size  in  parentheses  above  each 
group.  su=  summer,  f=  fall,  ew,  mw,  lw=  early,  mid-,  and 
late  winter,  sp=  spring;  a=  anestrous,  e=  estrous,  p= 
pregnant,  1=  lactating. 


DISTANCE 


Figure  3.  Distances  travelled  per  experimental  run  by  anestrous 
voles  according  to  season  and  summer  voles  according 
to  reproductive  condition.  Distances  are  adjusted  (X3) 
to  cover  entire  24-hr.  period;  mean  ±  std.  error,  and 
range.  Sample  size  in  parentheses  above  each  group. 
su=  summer,  f=  fall,  ew,  mw,  lw=  early,  mid-,  and  late 
winter;  a=  anestrous,  e=  estrous,  p=  pregnant,  1= 
lactating . 
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tested  by  groups  with  a  Chi-square  test  for  heterogeneity  (Sokal  and 
Rohlf,  1969) .  These  tests  compared  diurnal  and  nocturnal  activity 
weighted  according  to  the  relative  lengths  of  day  and  night,  and  should 
provide  a  more  accurate  measurement  of  diurnal  or  nocturnal  preferences 
than  tests  which  only  compare  absolute  values,  regardless  of  light 
regime.  Diurnal  and  nocturnal  use  of  temporary  shelters  weighted  accord¬ 
ing  to  the  total  amount  of  time  spent  outside  home  burrows  during  day 
and  night  was  tested  similarly.  Any  activity  components  within  runs 
that  exhibited  an  expected  frequency  of  5  or  less  were  excluded  from 
these  analyses.  Durations  of  diurnal  and  nocturnal  activity  periods 
were  compared  by  nested  analysis  of  variance,  after  meeting  the  necessary 
criteria  for  the  test,  including  equality  of  variance  and  normality 
(see  above) .  Distances  travelled  were  weighted  according  to  the  number 
of  sampling  periods  spent  outside  the  home  burrow,  and  were  tested  in 
individual  runs  by  unpaired  t-tests  of  the  differences  between  diurnal 
and  nocturnal  means.  They  were  then  tested  among  groups  by  combining 
probabilities  from  the  independent  unpaired  t-tests  (Sokal  and  Rohlf, 
1969) . 

Diurnal  vs .  nocturnal 

During  summer,  all  four  reproductive  groups  exhibited  significantly 
less  activity  (P  <  .005)  outside  of  home  burrows  during  the  day  than  at 
night,  both  in  amount  of  time  spent  and  distance  travelled  (Table  2). 

They  also  showed  significantly  greater  diurnal  than  nocturnal  use  of 
temporary  shelters  (P  <  .005).  Anestrous  and  pregnant  animals  were 
active  inside  and  outside  the  home  burrow  for  shorter  periods  during 
the  day  than  at  night  (P  <  .005,  <  .05  respectively),  while  estrous  and 


- 

' 

' 

lactating  individuals  showed  no  significant  differences. 

Anestrous  voles  spent  more  time  outside  the  home  burrow  (P  <  .005) 
and  travelled  greater  distances  (P  <  .01)  at  night  than  in  the  day 
during  summer,  autumn,  late  winter,  and  spring.  In  mid-winter  there 
was  greater  diurnal  than  nocturnal  activity  (P  <  .005),  although  there 
were  no  significant  differences  in  distances  travelled.  Temporary 
shelters  were  used  more  in  the  day  than  at  night  during  summer  (P  < 
.005),  mid-  and  late  winter,  and  spring,  while  animals  in  autumn  used 
temporary  shelters  more  at  night  (P  <  .05).  The  duration  of  diurnal 
activity  periods  was  shorter  than  nocturnal  ones  during  summer,  late 
winter,  and  spring  (P  <  .005,  <  .05,  <  .005  respectively),  but  did  not 
differ  significantly  during  autumn  and  early  and  mid-winter.  The 
single  early  winter  run  exhibited  no  significant  day/night  differences 
in  activity  or  movements . 

Seasonal  comparisons 

A  comparison  of  movements  and  activity  in  anestrous  individuals 
among  different  seasons  is  provided  in  Table  3  and  Figures  2  and  3. 

There  are  many  apparent  differences  but  few  are  significant.  On  a  24  hr. 
basis  the  amount  of  activity  outside  the  home  burrow  appeared  constant 
in  most  seasons,  excluding  a  possible  decrease  in  early  winter  and  in¬ 
crease  in  late  winter.  Distances  travelled  apparently  decreased  from 
summer  to  early  and  mid-winter  and  rebounded  in  late  winter.  The  late 
winter  value  is  an  underestimate  due  to  travel  beyond  the  confines  of 
the  pen  because  of  deep  snow.  Activity  in  mid-winter  was  limited  to  sub- 
nivean  travel,  but  towards  late  winter  extensive  supranivean  activity 
occurred  at  night.  The  use  of  temporary  shelters  relative  to  time 


spent  outside  the  home  burrow  apparently  increased  in  autumn  and  reached 
a  maximum  in  early  winter.  It  then  declined  to  a  minimum  in  spring. 

During  the  day,  when  tested  by  multiple  comparisons  among  means 
for  all  seasons,  activity  outside  the  burrow  was  significantly  lower 
in  spring  than  in  other  seasons,  and  significantly  higher  during  mid- 
and  late  winter  when  the  subnivean  space  was  well  developed.  Distances 
travelled  appeared  greater  in  mid-  and  late  winter  than  during  the  rest 
of  the  year  but  the  differences  were  not  significant.  The  index  of 
exploration  was  highest  in  summer  and  lowest  in  early  winter  and  spring. 
Temporary  shelters  were  apparently  used  less  in  autumn  and  spring  and 
more  in  mid-  and  late  winter,  but  not  significantly  so. 

During  the  night,  activity  outside  the  burrow  and  distances  travel¬ 
led  were  similar  in  summer,  autumn,  late  winter,  and  spring,  but  were 
apparently  less  in  early  and  mid-winter.  Index  of  exploration  was 
highest  in  summer  and  late  winter  and  lowest  in  mid-winter.  When 
compared  among  all  seasons,  temporary  shelters  were  used  significantly 
less  in  summer,  spring,  and  mid-winter  and  significantly  more  in 
autumn . 

The  durations  of  activity  periods  during  daylight  and  over  a  24  hr. 
period  did  not  differ  significantly,  but  at  night  they  were  significant¬ 
ly  longer  in  spring  and  summer  than  during  the  rest  of  the  year. 

Reproductive  comparisons 

Movements  and  activity  of  voles  during  summer  are  compared  among 
different  reproductive  states  in  Table  4  and  Figures  2  and  3.  During 
daylight,  anestrous  voles  were  significantly  less  active  outside  of  the 


home  burrow  than  estrous  and  pregnant  ones,  which  in  turn  were  less 
active  than  lactating  ones.  Anestrous  animals  were  significantly  less 
active  than  the  three  remaining  groups  in  terms  of  duration  of  overall 
activity  periods,  distances  travelled,  and  the  index  of  exploration. 

In  contrast,  there  were  no  significant  differences  at  night  in  any  of 
the  parameters  measured. 

Over  a  24  hr.  period,  anestrous  animals  appeared  less  active  than 
those  in  the  other  three  groups,  and  estrous  individuals  tended  to  use 
temporary  shelters  more  than  any  other  group.  Lactating  animals  were 
active  for  significantly  longer  periods  than  all  others. 

Short-term  and  circadian  rhythms 

Although  there  are  some  significant  differences  in  the  duration  of 
activity  periods,  on  a  24  hr.  basis  the  mean  period,  and  therefore 
frequency  of  occurrence  of  activity  peaks,  did  not  differ  significant ly 
in  either  the  seasonal  or  the  reproductive  group.  This  strongly 
suggests  that  these  activity  periods  represent  a  relatively  constant 
short-term  activity  cycle  of  2-5  hrs.  as  described  for  C.  gappern,  by 
Friesen  (1972) .  On  the  other  hand,  differences  between  the  nocturnal 
and  diurnal  intensities  of  activity  during  these  short-term  periods 
within  individual  runs  (Table  2)  are  assumed  to  represent  an  overlying 
circadian  rhythm,  which  shifted  on  an  annual  basis  from  intensely  noc¬ 
turnal  in  summer  to  weakly  diurnal  in  winter.  The  timing  of  activity 
periods  seemed  related  to  sunset  and  sunrise  in  summer,  fall,  and  early 
winter,  with  a  peak  normally  occurring  immediately  prior  to  sunrise 
and  following  sunset.  Strong  correlations  between  sunset  and  onset  of 
activity  periods,  and  sunrise  and  cessation  of  activity  periods  during 
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these  seasons  are  shown  in  Figure  4.  The  correlation  between  sunset 
and  onset  of  activity  was  tested  with  a  Chi-square  for  goodness  of  fit 
to  a  1:1  ratio  by  comparing  onset  during  the  0.5  hr.  which  included 
sunset  and  the  1.0  hr.  which  followed  with  onset  during  the  subsequent 
1.5  hr.  A  significantly  greater  (P  <  .01)  number  of  activity  periods 
began  in  the  first  1.5  hr.  than  in  the  second.  The  correlation  between 
sunrise  and  cessation  of  activity  was  tested  similarly  by  comparing 
cessation  during  the  1.5  hr.  immediately  surrounding  sunrise  with 
cessation  during  the  preceding  1.5  hr.  A  significantly  greater  (P  < 
.025)  number  of  activity  periods  terminated  near  sunrise  than  in  the 
preceding  1.5  hr.  During  mid-  and  late  winter,  and  spring,  there  was 
no  apparent  correlation  of  the  timing  of  these  periods  with  light 
regime  (Figure  4),  or  with  any  other  environmental  stimuli. 

It  is  obvious  from  Tables  2,  3,  and  4  that  for  some  parameters 
there  is  considerable  variation  within  individuals  and  among  individ¬ 
uals  within  groups.  However,  the  seasonal  changes  in  circadian  rhythms 
exhibited  within  individuals  tested  in  more  than  one  season  (Table  5) 
and  the  lack  of  individual  variation  within  reproductively  active 
groups  for  activity  parameters  that  differed  among  groups  (Table  4) 
suggest  that  differences  among  groups  generally  are  due  to  changes  in 
physiological  and  environmental  conditions  rather  than  to  individual 
variation. 

Use  of  Shelters 

Considerable  information  on  the  use  of  burrows  and  temporary 
shelters  was  derived  from  the  study.  Although  the  animals  probably 
altered  to  some  extent  the  naturally  occurring  subterranean  spaces 
which  they  occupied,  there  was  no  evidence  of  extensive  digging  within 
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NUMBER  OF  RUNS 


DEVIATION  FROM  SUNSET  AND  SUNRISE 
(no.  sampling  periods) 


Figure  4.  Onset  of  activity  periods  in  relation  to  sunset  (A, B)  and 
cessation  of  activity  periods  in  relation  to  sunrise  (C,D) 
during  summer,  fall,  early  winter  (B,D)  and  mid-winter, 
late  winter,  spring  (A, C) .  Sampling  periods  refer  to  the 
randomly  chosen  10  min.  duration,  within  eacn  0.5  hr.  of  a 
run,  in  which  an  activity  period  commenced  (A,B)  or 
ceased  (C,D),  in  relation  to  the  0.5  hr.  in  which  sunset 
(A, B)  or  sunrise  (C,D)  occurred.  Positive  values  refer 
to  those  intervals  following  sunset  and  sunrise,  and 
negative  values  refer  to  those  preceding  sunset  and 
sunrise . 


COMPARISONS  OF  DIURNAL  AND  NOCTURNAL  ACTIVITY  PARAMETERS  IN 
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the  enclosure.  Thirteen  different  spaces  were  utilized  for  sleeping 
or  for  temporary  shelter  during  the  40  experimental  runs.  All  were 
used  as  temporary  shelters  and  eleven  as  home  burrows.  If  a  vole  spent 
a  period  of  immobility  (presumably  sleep)  between  two  distinct  peaks 
of  activity  in  any  subterranean  space,  that  space  was  considered  a  home 
burrow.  If  a  space  was  not  slept  in  but  was  used  for  other  purposes 
it  was  considered  a  temporary  shelter.  Eight  shelters  were  located 
within  or  beneath  the  bases  of  decaying  windthrown  trees  and  contained 
multiple  (2-5)  small  entrances  2. 5-3. 5  cm.  in  diameter.  Three,  also 
with  multiple  entrances,  were  located  in  rock  outcrops  with  overlying 
vegetative  cover;  and  one  relatively  open  shelter  was  situated  in  an 
outcrop  beneath  several  small  windthrown  trees.  The  shelter  most 
frequently  utilized  as  a  home  burrow  (by  7  individuals,  in  17  out  of 
40  experimental  runs)  was  located  beneath  a  mound  of  soil  10  cm.  high 
and  45  cm.  in  diameter  at  the  base  of  a  live  twin- trunked  jack  pine 
(P.  banksiana) .  It  contained  three  small  entrances  around  the  peri¬ 
meter  of  the  mound,  was  covered  with  pine  needles,  and  was  sheltered 
from  above  by  an  extensive  cover  of  juniper  ( Juniperus  communis )  and 
buffaloberry  (Shepherdia  canadensis ) . 

During  late  winter  one  vole  built  an  above-ground  nest  at  the  base 
of  one  of  the  trapping  chimneys.  It  was  constructed  of  terylene  which 
had  been  used  to  insulate  live  traps  for  removal  of  animals  from  the 
pen,  and  was  used  in  two  successive  24  hr.  experimental  runs. 

Seasonal  preferences  and  burrow  sharing 

The  home  burrow  most  frequently  used  during  spring  and  summer 
(in  16  of  27  runs)  was  occupied  only  once  during  fall  and  never  during 
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winter,  and  was  used  by  several  pregnant  and  lactating  individuals  in 
quick  succession.  The  home  burrow  used  most  frequently  in  autumn  was 
utilized  in  all  six  runs  but  was  used  in  only  two  runs  during  the 
remainder  of  the  year.  During  mid-  and  late  winter  one  subterranean 
home  burrow  and  one  above-ground  nest  were  used  exclusively  in  the  six 
runs  and  were  not  utilized  for  home  burrows  at  any  other  time  of  year. 

On  the  other  hand,  one  temporary  shelter  was  used  in  only  one  season, 
five  in  two  seasons,  four  in  three  seasons,  and  three  in  four  seasons. 
Therefore  there  appeared  to  be  greater  seasonal  preferences  for  home 
burrows  than  for  temporary  shelters. 

Pregnant  and  lactating  animals  and  early  and  mid-winter  anestrous 
animals  tended  to  use  only  one  home  burrow  per  run.  The  average  for 
estrous  animals  was  1.4  home  burrows  per  run  and  for  autumn  animals 
was  2.0. 

There  was  strong  evidence  during  mid-  and  late  winter  from  tracks 
and  from  livetrapping  in  the  vicinity  of  burrows  that  experimental 
voles  were  sharing  their  burrow  complexes  with  wild  voles  (both  male 
and  female)  and  deer  mice  ( Peromyscus  maniculatus ) .  Deer  mice  could 
enter  the  pen  in  any  season,  but  voles  could  only  cross  the  wall  during 
periods  of  deep  snow  cover. 

Food  storage 

The  number  of  re-entries  into  home  burrows  was  examined  in  relation 
to  the  number  of  activity  periods  spent  outside  home  burrows  as  an 
indirect  indicator  of  whether  or  not  animals  were  storing  food.  It  was 
assumed  that  the  greater  the  number  of  re-entries,  the  greater  the 


probability  that  voles  were  engaged  in  food  storage.  Individuals  were 
first  tested  by  a  Chi-square  for  goodness  of  fit  to  a  1:1  ratio,  and 
were  then  tested  together  by  a  Chi-square  for  heterogeneity  (Sokal  and 
Rohlf,  1969).  The  latter  not  only  gives  a  more  sensitive  test  for 
significance  (because  of  increased  sample  size)  but  also  reflects  the 
amount  of  variation  among  runs.  The  majority  of  runs  (.75)  show  no 
significant  differences  on  an  individual  basis.  Excluding  one  fall 
and  one  mid-winter  run,  all  which  show  a  significant  difference  involved 
either  pregnant  or  lactating  individuals.  When  considered  together 
the  number  of  burrow  re-entries  (1.83  per  activity  period)  is  signifi¬ 
cantly  greater  (P  <  .005)  than  the  number  of  activity  periods,  and  the 
Chi-square  for  heterogeneity  is  significant  (P  <  .05).  However,  when 
burrow  re-entries  known  to  be  due  to  movements  of  litters  or  bedding 
are  removed  from  the  analysis,  the  Chi-square  for  heterogeneity  is  no 
longer  significant.  This  suggests  that  individual  runs  are  similar 
throughout  the  year.  Although  the  number  of  re-entries  (1.63  per 
period)  is  still  significantly  greater  than  the  number  of  activity 
periods,  the  difference  is  so  small  that  any  extensive  storing  of  food 
is  unlikely. 

DISCUSSION 


Rhythms 

A  short  term  rhythm  has  been  demonstrated  in  many  rodents  and  its 
malleability  has  been  attributed  to  environmental  heterogeneity  (Ashby, 
1971)  and  food  availability  (Davis,  1933;  Wald  and  Jackson,  1944; 
Grodzinski,  1962).  In  C.  glareolus  (Miller,  1955;  Brown,  1956)  and 


C.  gapperi  (Friesen,  1972)  it  has  usually  been  attributed  to  a  feeding 
cycle,  but  in  the  varying  lemming  [Dicrostonyx  groenlandicus)  (Hansen, 
1957)  it  was  shown  to  be  largely  endogenous  and  independent  of  food. 
Evidence  from  the  present  study  suggests  that  this  short  term  rhythm 
may  have  several  components.  Despite  variation  within  runs,  the  rela¬ 
tive  constancy  of  the  short  term  activity  cycle  among  runs  suggests  the 
existence  of  an  endogenous  component.  This  is  supported  by  the  occur¬ 
rence  of  frequent  activity  periods  in  which  no  activity  took  place  out¬ 
side  of  the  home  burrow.  Since  voles  probably  did  not  store  food,  this 
would  suggest  that  they  did  not  feed  during  every  activity  period.  On 
the  other  hand,  the  increase  in  duration  of  short  term  activity  in 
lactating  animals  was  probably  the  response  of  a  feeding  rhythm  to  an 
increased  energy  demand. 

Circadian  rhythms  overlying  the  short  term  rhythms  in  C.  gapperi- 
have  been  discussed  by  Stebbins  (1972,  1974).  He  also  reported  marked 
seasonal  changes  in  these  rhythms  at  Heart  Lake,  from  nocturnal  in 
winter  to  diurnal,  with  a  crepuscular  component,  in  summer.  The  rather 
substantial  discrepancy  between  his  results  and  those  of  the  present 
study  might  be  accounted  for  by  any  of  several  factors.  The  relatively 
homogeneous  and  spatially  limited  environments  of  Stebbins'  experimental 
voles  may  have  affected  the  animals'  activity  patterns.  Also,  the  two 
studies  may  have  measured  different  parameters,  since  experimental 
apparatuses  and  criteria  for  identifying  rhythms  differed  substantially 
between  the  two. 

In  a  seasonally  fluctuating  environment  it  would  be  of  obvious 
advantage  to  adjust  circadian  rhythms  accordingly  (Biinning,  1964). 
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Erkinaro  (1974)  has  demonstrated  an  endogenous  circannual  inversion  of 
activity  in  C.  glareolus  and  M.  agrestis  from  diurnal  in  winter  to 
nocturnal  in  summer,  each  with  two  recognizable  phases.  Evidence  from 
Friesen  (1972)  and  from  the  present  study  suggests  a  similar  inversion 
in  C.  gapperi ,  but  seasonal  changes  in  the  intensity  of  the  peak  as 
well  as  in  its  timing  often  make  it  difficult  to  differentiate  major 
and  minor  peaks  of  activity.  In  summer  and  fall,  both  sunrise  and 
sunset  appeared  important  in  entraining  the  short  term  activity  cycle 
to  a  circadian  rhythm,  similar  to  that  reported  by  Pearson  (1962)  for 
C.  glareolus  and  C.  rufoaanus.  Other  workers  have  demonstrated  the 
importance  of  light  in  determining  the  timing  of  activity  patterns 
(Erkinaro,  1961;  Swade  and  Pettindrigh,  1967)  and  of  temperature  in 
determining  the  intensity  of  those  patterns  (Sweeney  and  Hastings, 

1960;  Gebczynski,  1964). 

A  seasonal  change  in  intensity  could  be  considered  a  measure  of 
the  relative  importance  of  maintaining  circadian  patterns  at  different 
times  of  the  year.  In  the  present  study  the  switch  to  a  diurnal 
pattern  in  winter  is  accompanied  by  decreased  intensity  and  more  labile 
timing.  This  lability  suggests  that  either  a  zeitgeber  (Aschoff,  1960) 
is  lacking  or  that  it  is  advantageous  for  the  rhythms  not  to  be  pre¬ 
cisely  entrained.  The  subnivean  space  is  noted  for  the  constancy  of 
its  environmental  parameters,  and  although  an  occasional  visit  to  the 
surface  during  the  day  could  alter  the  phase  of  the  rhythms  (Bruce, 
1960)  it  probably  could  not  act  as  an  accurate  zeitgeber  (Aschoff, 

1960) . 

It  is  difficult  in  this  case  to  envision  an  adaptive  advantage  to 


entraining  to  an  almost  constant  environment,  if  it  is  possible.  On 
the  other  hand,  lack  of  precise  entrainment  might  decrease  the  prob¬ 
ability  of  predation  and  be  advantageous. 

Use  of  Shelters 

Apparent  seasonal  changes  in  preferences  for  certain  burrows  can 
be  attributed  to  any  of  several  factors.  There  are  undoubtedly  season¬ 
al  changes  in  the  relative  accessibility  and  insulation  of  different 
burrows,  and  it  is  easy  to  imagine  a  situation  where  one  burrow  is  more 
appropriate  than  another  for  only  part  of  the  year.  The  most  extreme 
example  is  that  of  subnivean  surface  nesting  in  winter,  reported  to  be 
prevalent  in  C.  glareolus  in  some  cases  (Koshkina,  1957)  but  absent 
in  others  (Coulianos  and  Johnels,  1962).  In  the  discussion  of  the  use 
of  above-ground  subnivean  nests  by  voles,  Formozov  (1946)  mentioned 
the  disadvantage  of  increasing  the  probability  of  predation  and  the 
advantages  of  lowering  heat  exchange  from  the  nest  to  the  environment 
and  lessening  the  problem  of  rime  formation  in  the  burrow.  Evidence 
for  a  seasonal  change  in  preference  in  the  present  study  includes  the 
use  of  a  relatively  open  subterranean  burrow  in  mid-  and  late  winter 
as  well  as  construction  of  an  above-ground  subnivean  nest,  albeit  with 
introduced  materials. 

On  the  other  hand,  it  is  possible  that  an  animal  is  attracted  to 
a  burrow  that  has  been  used  previously,  and  the  more  recently  used,  the 
more  attractive  it  may  be.  Such  a  mechanism  could  conceivably  be 
misinterpreted  as  a  seasonal  change  in  preference.  Our  knowledge  of 
social  systems  in  C.  gapperi  is  limited,  and  chemo- communication  in 
rodents  in  general  is  poorly  understood.  Smirin  and  Smirin  (1974) 


showed  that  C.  glareolus  tends  to  use  burrows  separately,  but  they 
reported  some  concurrent  use  of  nests.  In  the  light  of  Friesen's 
(1972)  observations  of  intense  intraspecific  aggression  by  lactating 
voles,  it  is  interesting  that  in  the  present  study  the  same  burrow 
was  used  by  several  pregnant  and  lactating  individuals  in  quick 
succession.  Moreover,  it  seems  that  a  strategy  of  this  sort  would 
result  in  the  buildup  of  ectoparasites  and  in  the  fouling  of  the  nest 
or  nest  locality  with  feces. 

Despite  these  problems,  concurrent  use  of  nests  has  a  number  of 
advantages  at  certain  times  of  the  year  and  has  been  demonstrated  in 
many  small  rodents,  including  C.  gapperi  (Friesen,  1972;  Stebbins, 
1972).  Aggregation  in  late  fall  and  early  winter  allows  animals  to  use 
only  the  best  parts  of  a  mosaic  of  good  and  bad  habitats  (Fuller,  1967) 
in  addition  to  providing  them  with  a  more  efficient  means  of  thermo¬ 
regulation  through  huddling.  Subnivean  forms  tend  to  lose  weight 
during  winter  (Fuller  et  al.  ,  1969)  and  hence  increase  their  surface 
to  volume  ratio,  and  huddling  would  provide  them  with  an  effective 
decrease  in  surface  to  volume  ratio  for  a  large  part  of  each  day. 

Both  huddling  and  nest  use  have  been  shown  to  be  important  in 
regulating  metabolic  rates  (Howard,  1951;  Sealander,  1952),  although 
several  workers  (Cotton  and  Griffiths,  1967;  Gebczynska  and  Gebczynski, 
1971;  Tertil,  1972)  have  more  recently  demonstrated  that  use  of  an 
insulated  nest  is  the  more  important  of  the  two  at  low  temperatures. 

The  energetic  costs  of  obtaining  food  may  become  critical  in  cold 
temperatures  (Schwarz,  1967;  Sadleir  et  al.  ,  1973)  and  one  would 
expect  a  minimum  amount  of  activity  outside  the  nest  during  periods 
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of  cold  stress.  This  can  be  accomplished  by  obtaining  food  more 
economically  or  by  decreasing  absolute  food  intake.  Miller  (1955) 
reported  food  storage  by  C.  gtareolus  under  conditions  of  decreasing 
daylength  and  Stebbins  (1972)  found  storage  of  seeds  by  C.  gccppern-  in 
nest  boxes  during  winter.  However,  evidence  from  the  present  study 
and  from  Friesen  (1972)  suggests  that  food  storage  is  probably  limited 
in  C.  gcoppevi.  Taking  into  consideration  the  food  preferences  of  this 
species  (Dyke,  1971),  one  might  conclude  that  food  storage  could  become 
too  energy  intensive  a  process  to  be  worthwhile.  In  the  present  study, 
animals  apparently  economized  by  utilizing  temporary  shelters  for 
feeding.  In  fall  and  winter  a  large  proportion  of  the  time  spent  out¬ 
side  the  home  burrow  was  spent  inside  these  shelters,  especially  at 
night  when  temperatures  were  lowest.  In  addition  to  providing  insula¬ 
tion  against  unfavorable  environmental  conditions  (cold  temperatures 
in  fall  and  winter,  low  humidity  in  summer)  the  use  of  such  shelters 
should  decrease  the  incidence  of  predation.  By  decreasing  extra-nest 
activity  in  addition  to  increasing  use  of  temporary  shelters,  voles 
reduced  their  exposure  time  to  the  winter  environment  without  changing 
the  frequency  or  duration  of  their  overall  activity  periods. 

A  decrease  in  the  absolute  food  intake  of  C.  gapperi  during  winter 
has  been  suggested  by  Dyke  (1971).  Such  a  decrease  has  been  noted  in 
other  cricetids  and  has  been  accomplished  by  acclimatization  of  the 
metabolism  to  lower  temperatures  (Pearson,  1962;  Gorecki,  1966,  1968), 
increase  in  body  insulation  (Hart,  1956,  1964),  increase  in  nest 
insulation  (Gorecki,  1968),  and  by  elimination  of  breeding  (Gorecki, 
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1968;  Hansson,  1970). 

Reproductive  Activity 

Winter  breeding  has  never  been  reported  for  C.  gapperi  in  the 
vicinity  of  the  study  area  and  Fuller  (1969)  suggested  that  a  persistent 
snow  cover  and  cold  temperatures  in  spring  may  even  retard  the  onset  of 
reproduction.  Winter  breeding  in  C.  glareolus  has  occurred  only  in 
association  with  mild  winters  (Zejda,  1962)  or  abundant  food  resources 
(Smyth,  1966)  and  has  always  been  of  lesser  intensity  than  summer 
breeding.  Increases  in  activity  of  reproductively  active  animals  in 
the  present  study  suggest  that  the  energetic  costs  of  reproduction  in 
C.  gappevi  are  high.  Similar  increases  have  been  reported  for  other 
voles  (Kaczmarski,  1966;  Migula,  1969).  Since  it  occurs  concomitantly 
with  the  spring  weight  gain,  the  onset  of  breeding  may  be  especially 
energy  expensive  in  subnivean  mammals  (Kalela,  1957;  Fuller  et  al.  , 

1969;  Merritt,  1974).  In  the  present  study  none  of  the  experimental 
animals  became  estrous  until  late  May,  several  weeks  after  snowmelt, 
when  food  was  presumably  more  plentiful  due  to  new  vegetative  growth 
(Dyke,  1971),  and  environmental  stress  was  presumably  relaxed  due  to 
warmer  temperatures  and  cessation  of  spring  flooding. 

Movements 

Fuller  (1969)  stressed  the  importance  of  both  fall  and  spring 
critical  periods  in  influencing  overwinter  survival  and  the  success  of 
the  following  breeding  season.  Therefore  it  would  seem  valuable  to  look 
at  movements  during  those  periods  as  well  as  during  the  time  interven¬ 


ing. 
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Fall  movements  of  cricetids  have  been  described  by  several  workers. 
Myllymaki  et  at.  (1962)  observed  a  nocturnal  fall  migration  in  lemmings 
(L.  temmus )  which  functions  as  a  means  of  both  redistribution  and 
seasonal  habitat  change.  Bodner  (pers.  comm.)  observed  a  redistribu- 
tion  of  C.  gccpipev'L  during  fall,  and  Martell  (pers.  comm.)  and  Svarc 
et  at.  (1964)  reported  a  similar  phenomenon  in  C.  rutitus ,  but  the 
extent  of  these  movements  is  unknown.  Koshkina  (1957)  noted  an  increase 
in  activity  of  C.  gtareotus  and  C.  rutitus  during  fall,  concomitant  with 
an  increasing  scarcity  of  food.  Data  from  the  present  study  showed  no 
change  between  summer  and  fall  in  the  amount  of  time  spent  active  out¬ 
side  the  burrow  but  showed  an  apparent  decrease  from  summer  to  fall  in 
the  distance  travelled.  On  the  other  hand  the  fact  that  they  used  a 
greater  number  of  burrows  during  fall  suggests  that  these  animals  may 
have  been  less  settled  than  animals  at  other  times  of  the  year.  It  is 
possible  that  the  wall  affected  the  movements  of  subject  voles,  either 
directly  by  providing  a  barrier,  or  indirectly  by  isolating  them  from 
other  voles  whose  presence  might  have  provided  a  stimulus  to  movement. 

During  early  winter,  before  stabilization  of  snow  cover,  movements 
of  the  one  animal  tracked  were  limited  and  activity  outside  the  burrow 
was  greatly  reduced.  The  animal  was  presumably  under  thermal  stress 
and  its  vulnerability  to  predation  was  documented  by  its  disappearance 
during  the  course  of  the  experimental  run. 

Data  on  the  extent  and  types  of  mid-winter  movements  of  voles 
(Rotshild,  1956;  Smirin,  1970;  Karulin,  1973)  vary  considerably,  and 
strongly  suggest  that  local  conditions  such  as  ambient  and  subnivean 
temperatures,  food  availability,  and  snow  conditions  play  an  important 
role  in  their  determination.  Mid-winter  runs  in  the  present  study 
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showed  no  evidence  of  supranivean  travel  although  ambient  air  tempera¬ 
ture  was  not  extreme,  and  subnivean  movements  were  relatively  short  and 
localized. 

Late  winter  and  early  spring  movements  in  the  pen  were  the  most 
extensive  of  any  shown  by  anestrous  animals  throughout  the  year.  The 
first  and  second  runs  during  these  periods  were  carried  out  when  the 
subnivean  space  was  still  well  developed  and  snow  depth  was  still 
sufficient  to  allow  animals  free  egress  and  ingress  over  the  pen  wall. 
Although  some  temporally  extensive  supranivean  movements  outside  of  the 
pen  did  occur,  the  experimental  animal  always  returned  to  its  burrow 
inside  the  pen.  The  third  and  fourth  experimental  runs  were  carried 
out  on  the  same  individual  several  weeks  later.  Snow  depth  had  decreas 
ed  to  the  point  where  the  wall  was  once  again  a  barrier,  and  the  sub¬ 
nivean  space  had  begun  to  collapse.  In  the  interim  period,  wild  voles 
that  had  earlier  gained  access  to  the  pen  from  outside  were  removed  by 
extensive  live- trapping ,  and  the  experimental  animal  was  effectively 
isolated.  Distances  travelled  during  the  latter  two  runs  exceeded 
those  from  the  earlier  two.  This  apparent  increase  could  be  a  response 
to  increased  food  demands  for  spring  weight  gain  (Dyke,  1971;  Sealander 
1972),  to  decreased  food  accessibility  due  to  collapse  of  the  subnivean 
space,  to  a  changing  hormonal  balance  in  relation  to  increasing  day- 
length,  or  to  any  combination  of  these  factors.  In  any  case,  one  or 
several  of  these  factors  could  provide  sufficient  stimulus  for  spring 
dispersal  even  in  the  absence  of  social  factors  such  as  intraspecific 


aggression. 
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Energetics 


Great  care  must  be  exercised  when  attempting  to  affix  absolute 
energetic  values  to  each  component  of  an  activity  pattern.  If  the 
attempt  is  made  in  a  laboratory  situation  which  is  homogeneous  and 
highly  artificial,  measurements  of  energy  consumption  may  be  technically 
accurate  but  misleading  because  of  behavioral  modifications  caused  by 
the  set-up,  especially  for  activity  outside  the  nest  (Grodzinski  and 
Gorecki,  1967;  Ashby,  1971).  Therefore,  in  order  to  reduce  this 
error,  it  is  desirable  to  create  an  experimental  situation  in  which  an 
animal  behaves  as  naturally  as  possible.  When  this  is  accomplished, 
accurate  measurements  of  energy  consumption  can  be  made  during  all 
phases  of  activity,  and  information  from  the  present  study  may  then  be 
used  to  calculate  the  energetic  cost  of  each  component  of  activity  in 
relation  to  season  and  reproductive  conditions. 

SUMMARY 

1.  The  period  and  duration  of  the  short  term  (2-5  hr.)  activity 
rhythm  remained  relatively  constant  on  a  24  hr.  basis  throughout 
the  year,  and  changed  significantly  only  in  lactating  individuals. 
The  rhythm  appears  to  comprise  both  endogenous  and  feeding 
components . 

2.  Voles  exhibited  a  strong  nocturnal  circadian  rhythm  in 
summer,  apparently  entrained  by  sunrise  and  sunset,  and  a  more 
weakly  entrained  diurnal  rhythm  in  winter. 

3.  Temporary  shelters  were  apparently  used  during  feeding,  and 
probably  played  an  important  role  in  protecting  animals  from 
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predation  and  environmental  stress. 

4.  Rather  than  changing  the  frequency  or  duration  of  their 
activity  periods,  animals  adjusted  their  exposure  time  to  the 
seasonally  changing  external  environment  by  varying  the  intensity 
of  use  of  temporary  shelters  and  to  a  limited  extent  the  amount 
of  extra-nest  activity.  However,  there  was  no  evidence  of  food 
storage  in  home  burrows. 

5.  There  appeared  to  be  greater  seasonal  preferences  for  home 
burrows  than  for  temporary  shelters,  and  individual  home  burrows 
were  frequently  used  by  several  experimental  voles  in  quick 
succession.  There  was  also  evidence  of  burrow  sharing  with  wild 
voles  and  deer  mice  during  winter  when  deep  snow  allowed  them  to 
enter  the  pen. 

6.  Significant  increases  in  diurnal  activity  and  movements  of 
lactating  individuals  likely  reflected  a  substantial  increase  in 
their  energy  requirements  over  those  of  other  individuals  in  the 
same  season. 

7.  Movements  among  anestrous  animals  were  most  localized  in 
early  winter  before  the  snow  cover  was  stabilized,  and  most 
extensive  in  late  winter  and  early  spring  during  snowmelt.  This 
extensive  movement  in  the  absence  of  other  individuals  suggests 
that  a  stimulus  for  spring  dispersal  may  exist  in  the  absence  of 
intraspecific  aggression. 
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